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Rainwater at High Altitude in Shaune Garang
Catchment, Western Himalaya

Nestled amidst the clouds, the Himalayas stand as
majestic sentinels of our planet, cradling some of
the most breathtaking landscapes and vital water
resources that sustain millions. This towering range,
often referred to as the "Third Pole," harbors
glaciers that feed into some of the world's largest
river systems, weaving through countries and
cultures, and providing water, life, and sustenance
for a substantial portion of humanity. However, this
pristine environment faces unseen challenges, ones
that could alter its very essence and the lives
depending on it. Dr. Ramesh Kumar and Dr. Pankaj
Kumar's pioneering research takes us into the heart
of these challenges, focusing on the Shaune Garang
catchment in the Western Himalaya. By conducting
a study surrounding the chemical behavior of
rainwater at high altitudes, their study shines a light
on the intricate balance of this ecosystem,
revealing insights into the alkalinity of rain and the
prevalence of ions, crucial for understanding the
health of these waters and the broader implications
for environmental and human well-being.

The Himalayans: Water Towers in
Peril

The Himalayan region, revered as the "water towers"
of Asia, is an indispensable source of freshwater for
billions, providing life-sustaining rivers that flow
into the subcontinent and beyond. This majestic
mountain range, with its ancient glaciers, acts as a
colossal reservoir, releasing meltwater that
nourishes vast agricultural lands, supports diverse
ecosystems, and sustains critical water supplies for
countries including India, Nepal, Bhutan, Pakistan
and China. However, these invaluable "water
towers" are under siege. Climate change is driving
unprecedented glacier retreat, altering long-
established patterns of snowfall and meltwater
runoff, threatening the very lifeline of downstream
communities.

Moreover, the pristine skies of the Himalayas are no
longer immune to the specter of pollution.
Atmospheric contaminants, such as aerosols, dust,
and particulate matter, borne from rapid
industrialization and increased vehicular emissions,
have begun to mar this once untouched wilderness.
These pollutants not only contribute to the
accelerated melting of glaciers by darkening their
surface but also disrupt the delicate balance of
Himalayan rainwater chemistry. The combined
impact of changing precipitation patterns and
escalating atmospheric pollution poses a
significant challenge, threatening the sustainability
of water resources and the ecological and human
systems that depend on them.

Unlocking the Secrets of Rainwater

In an ambitious endeavor to demystify the
chemical intricacies of rainwater at high altitudes,
Dr. Ramesh Kumar and Dr. Pankaj Kumar
spearheaded a meticulous investigation in the
Shaune Garang catchment within the Western
Himalaya. The study's methodology was marked by
the collection of sixteen rainwater samples
throughout the ablation season, from June to
September 2017, capturing the essence of
monsoonal precipitation. Employing a rain collector
fashioned from polyethylene, samples were
gathered across an elevation range of 3500 to
4500 meters above sea level, ensuring a
representative analysis of the catchment's
rainwater chemistry.
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Upon collection, immediate on-site measurements
of pH and electrical conductivity (EC) were
conducted using a handheld multi-parameter
instrument, calibrated with standard buffer
solutions to guarantee accuracy. The chemical
analysis delved deeper, with Atomic Absorption
Spectroscopy pinpointing essential cations (Ca²⁺,
Mg²⁺, K⁺, Na⁺), while Ion Chromatography dissected
the anion spectrum (Cl⁻, SO₄²⁻, NO₃⁻), painting a
comprehensive picture of rainwater's ionic
composition.

The study unveiled that the Volume-Weighted
Mean (VWM) pH of rainwater oscillated between
4.59 and 6.73, averaging at a slightly alkaline 5.47 ±
0.69, with total ionic strength ranging from 113.4 to
263.3 µeq/l. Dominant ions emerged as Ca²⁺ and
Na⁺ among cations and Cl⁻, SO₄²⁻, and NO₃⁻ among
anions, sketching a detailed portrait of the
rainwater's chemical behavior in this high-altitude
Himalayan catchment.

Deciphering the Chemical
Workings

To unravel the complex web of factors influencing
rainwater chemistry in the Shaune Garang
catchment, the study employed a sophisticated
chemometric approach, with Principal Component
Analysis (PCA) serving as the cornerstone of this
exploration. PCA revealed four primary
components accounting for 78.37% of the total
variance in rainwater chemistry, indicating the
multifaceted nature of influences ranging from local
environmental conditions to far-reaching
anthropogenic activities.

The analysis pointed towards a significant interplay
between natural and human-made sources of
pollution. Dominant ions such as Ca²⁺ and Cl⁻ were
traced back to both the natural weathering of rocks
and the anthropogenic activities like agriculture
and fossil fuel combustion. The elevated levels of
SO₄²⁻ and NO₃⁻ highlighted the influence of
vehicular emissions and industrial activities,
underscoring the transboundary nature of air
pollution. These pollutants, often originating from
areas beyond the immediate Himalayan region,
such as the Thar Desert and industrialized regions
of neighboring countries, are transported via
atmospheric currents, depositing in the pristine
Himalayan catchment areas.
This chemometric dissection not only deepens our
understanding of the intricate chemical dynamics
of Himalayan rainwater but also emphasizes the
broader environmental implications. It calls
attention to the vulnerability of high-altitude
ecosystems to both local and distant sources of
pollution, challenging the traditional notion of the
Himalayas as untouched sanctuaries of natural
purity.

Implications for the Future

The research conducted by Dr. Ramesh Kumar and
Dr. Pankaj Kumar provides invaluable insights into
the environmental challenges facing high-altitude
ecosystems, particularly in the Himalayan region.
By analyzing the chemical composition of rainwater,
their study not only elucidates the current state of
atmospheric pollution but also underscores the
critical importance of monitoring and under-
standing these changes to safeguard water
resources. The findings, revealing a mix of natural
and anthropogenic influences on rainwater
chemistry, highlight the intricate connection 
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between air quality and the health of water bodies,
emphasizing the need for comprehensive
strategies to mitigate pollution.

This study significantly enriches our understanding
of how atmospheric pollutants are deposited in
remote, pristine environments through
precipitation. It highlights the urgency of
addressing pollution sources both locally and
globally, as their impacts transcend geographical
boundaries, affecting the delicate balance of high-
altitude ecosystems. The knowledge gained from
this research is pivotal in guiding conservation
efforts, informing policy decisions and fostering
sustainable practices to protect these vital water
towers for future generations.

Call to Action

The groundbreaking study on the chemical
behavior of Himalayan rainwater underscores a
clear imperative: the need for sustained research
and vigilant monitoring of the Himalayan
environment and its invaluable water resources.

This call to action extends beyond the scientific
community, urging policymakers, environmental
advocates and the public at large to rally in
response to the intertwined challenges of climate
change and pollution. Together, we must forge a
collaborative path forward, leveraging the insights
gained from such research to implement effective
conservation strategies, enact robust
environmental policies and foster a collective
stewardship that safeguards these vital
ecosystems for the generations to come.

Conclusion

This pivotal study unveils the nuanced chemistry of
Himalayan rainwater, revealing the profound impact
of both natural elements and human activity. It
significantly advances our comprehension of
environmental changes affecting the Himalayas.
Such scientific inquiries are crucial, guiding
conservation efforts and underpinning the
sustainable management of vital water resources in
these venerable mountains
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